Electrical dynamics of freshly isolated cerebral endothelium have not been determined independently of perivascular nerves and smooth muscle. We tested the hypothesis that endothelium of cerebral and skeletal muscle arteries differentially utilizes purinergic and muscarinic signaling pathways to activate endothelium-derived hyperpolarization. Changes in membrane potential (V m ) were recorded in intact endothelial tubes freshly isolated from posterior cerebral and superior epigastric arteries of male and female C57BL/6 mice (age: 3-8 months). V m was measured in response to activation of purinergic (P2Y) and muscarinic (M 3 ) receptors in addition to small-and intermediate-conductance Ca 2+ -activated K + (SK Ca /IK Ca ) and inward rectifying K + (K IR ) channels using ATP (100 lmolÁL À1 ), acetylcholine (ACh; 10 lmolÁL À1 ), NS309 (0.01-10 lmolÁL À1 ), and 15 mmolÁL À1 KCl, respectively. Intercellular coupling was demonstrated via transfer of propidium iodide dye and electrical current (AE0.5-3 nA) through gap junctions. With similarities observed across gender, peak hyperpolarization to ATP and ACh in skeletal muscle endothelial tubes was~twofold and~sevenfold higher, respectively, vs cerebral endothelial tubes, whereas responses to NS309 were similar (from resting V m~À 30 mV to maximum~À80 mV). Hyperpolarization (~8 mV) occurred during 15 mmolÁL À1 KCl treatment in cerebral but not skeletal muscle endothelial tubes. Despite weaker hyperpolarization during endothelial GPCR stimulation in cerebral vs skeletal muscle endothelium, the capability for robust SK Ca /IK Ca activity is preserved across brain and skeletal muscle. As vascular reactivity decreases with aging and cardiovascular disease, endothelial K + channel activity may be calibrated to restore blood flow to respective organs regardless of gender.
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K E Y W O R D S
calcium-activated K + channels, endothelium-derived hyperpolarization, muscarinic, purinergic 3 SK Ca /IK Ca channels play a substantial role in vascular resistance networks throughout the body and are thereby integral to tissue blood flow and oxygen delivery. 4 As a "nonex- 9 while effectively serving as a feedforward mechanism of the EDH pathway. 5, 10 Thus, the SK Ca /IK Ca channels have altogether emerged as important therapeutic targets for cardiovascular disease.
11
In order to understand native endothelial function independent of the added complexity of perivascular nerve and smooth muscle function, fresh skeletal muscle arterial endothelial tubes have been examined extensively for their fundamental Ca 2+ and electrical signaling dynamics. 12, 13 Despite our current understanding of EDH in peripheral skeletal muscle, whereby a dynamic increase (10-to 100-fold) in blood flow can take place from inactivity to maximal aerobic exercise, 14, 15 this identical examination of cerebral arterial endothelium underlying central blood flow distribution to the brain has not been examined. In the long-term, such investigation may provide new insight into healthy brain maturation during aging 16 as well as the pathogenesis of chronic diseases (eg, hemorrhagic stroke, dementia).
17,18
The goal of this study was to conduct a comparative analysis of electrical dynamics across cerebral and skeletal muscle endothe- 
| Skeletal muscle arteries
The general isolation procedure for the SEA has been previously described in detail [see 13 for video illustration]. Briefly, a ventral midline incision was made from the sternum to the pubis. While viewing through a stereo microscope, fat and connective tissue superficial to the sternum were removed to expose the proximal ends of the SEA.
The abdominal muscle corresponding to the visible SEA was then removed and pinned ventral side facing up in the dissection chamber containing chilled dissection PSS. The SEA segment (~2 cm) was then dissected free of the paired vein, surrounding tissue and fat cells. ; purinergic receptor agonist and indirect SK Ca /IK Ca channel activator). Cerebral endothelium: Individual V m traces in (A) male and female (B) mice. (C) Summary data of V m before and during ATP treatment (peak hyperpolarization) in male and female endothelium. (D) As described in C for summary data of ΔV m between peak hyperpolarization and resting V m . Data indicate n = 10 (male) and n = 9 (female). Skeletal muscle endothelium: (E), (F), (G), and (H) are as described for A, B, C, and D, respectively, corresponding to skeletal muscle endothelium. Data indicate n = 6 (male) and n = 7 (female). Cerebral vs skeletal muscle endothelium: With both male and female groups included in each group, (I) reflects combined C and G and (J) reflects combined D and H. Data indicate n = 19 (cerebral) and n = 13 (skeletal muscle). Note that while differences between genders are not apparent in either type of endothelium, peak hyperpolarization during ATP treatment is greater in skeletal muscle endothelium vs cerebral. 
| Pharmacology

| Data and statistical analysis
The data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology. 28 Differences between groups were accepted as statistically significant with P < .05.
Summary data are presented as means AE SE, and n represents the number of independent experiments using one endothelial tube from a different mouse for a given experimental protocol. Typically, each F I G U R E 3 Acetylcholine (ACh) stimulation of hyperpolarization in isolated endothelium of skeletal muscle and cerebral arteries. All panels illustrate V m data before and during treatment with ACh (10 lmolÁL
À1
; muscarinic receptor agonist and indirect SK Ca /IK Ca channel activator). Cerebral endothelium: Individual V m traces in (A) male and female (B) mice. (C) Summary data of V m before and during ACh treatment (peak hyperpolarization) in male and female endothelium. (D) As described in C for summary data of ΔV m between peak hyperpolarization and resting V m . Data indicate n = 9 (male) and n = 9 (female). Skeletal muscle endothelium: (E), (F), (G), and (H) are as described for A, B, C, and D, respectively, corresponding to skeletal muscle endothelium. Data indicate n = 6 (male) and n = 7 (female). Cerebral vs skeletal muscle endothelium: With both male and female groups included in each group, (I) reflects combined C and G and (J) reflects combined D and H. Data indicate n = 18 (cerebral) and n = 13 (skeletal muscle). Note that while differences between genders are not apparent in either type of endothelium, peak hyperpolarization during ACh treatment is greater in skeletal muscle endothelium vs cerebral. *Significantly different from paired resting V m ; # Significantly greater than ACh V m and ΔV m of unpaired cerebral endothelial tubes HAKIM ET AL.
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| Freshly isolated cerebral endothelium:
Evidence of cell-to-cell coupling and electrical conduction
Cell-to-cell coupling through gap junctions has been observed in isolated endothelial tubes of skeletal muscle using visual and electrical approaches of microinjected propidium iodide dye and current injection via dual intracellular electrodes, respectively. 24, 27 As illustrated in Figure 1 , the presence of dye transfer also occurs in cerebral endothelial tubes ( Figure 1A ), while using current injections of AE0. 
| DISCUSSION
The endothelial layer of resistance arteries contributes to regulation of peripheral skeletal muscle and cerebrovascular smooth muscle tone and thereby modulates optimal blood flow ensuring a constant 
| Physiological integration: Role of endothelial purinergic and muscarinic signaling
Along with noradrenaline, ATP can be released from perivascular sympathetic nerves that enmesh cerebral and skeletal muscle arteries. 33 Actions of ATP are biphasic whereby activation of P2X receptors evokes constriction (alone or in combination of noradrenaline activation of smooth muscle a 1 -adrenoreceptors) followed by smooth muscle relaxation via EDH resulting from activation of endothelial P2Y receptors. 34, 35 Although its effects are more straightforward for evoking endothelial M 3 receptors and downstream hyperpolarization (vs ATP), the source of ACh is controversial and may include excess ACh "spillover" from neuromuscular junctions during skeletal muscle contraction, 36 cholinergic sympathetic dilator nerves surrounding skeletal muscle blood vessels of experimental animal models, 37 and/or the endothelium itself. 38 Regardless, we simplified our investigation here with examining EDH responses to ATP and ACh using freshly isolated endothelium and found that peak hyperpolarization was, respectively,~twofold and sevenfold higher in skeletal muscle vs cerebral vascular endothelial tubes (Figures 2 and 3 ). These findings were not surprising as vascular resistance networks of skeletal muscle engage in "functional sympatholysis", 39 a process that requires rapid endothelial activation and production of vasodilation to counteract the basal activation of smooth muscle a 1 -adrenoreceptors along resistance networks in accord with metabolic demand. 30 On the contrary, blood flow distribution to the brain is relatively constant throughout conditions of rest and exercise 15 as the variable metabolic demands by neurons are typically met by alterations in cerebral blood flow governed by myogenic autoregulation that operates over a wide systolic pressure range of~60-140 mmHg. been observed in the endothelium but not in the smooth muscle of rodent mesenteric arteries. 44 Thus, whereas both peripheral and cen- In turn, our data highlight use of freshly intact endothelium isolated from male and female mouse cerebral arteries for the first time.
| SUMMARY AND CONCLUSION S: TRANSLATIONAL PERSPECTIVE
The primary significance of this study is that despite weaker hyperpolarization in response to endothelial GPCR stimulation in cerebral vs skeletal muscle endothelium, the capability for robust SK Ca /IK Ca activity is preserved across brain and skeletal muscle regardless of gender. Furthermore, we are now confident that functionally active K IR channels are present in intact cerebral arterial endothelium, but lacking in skeletal muscle arterial endothelium. 5 and/or boost production of NO. 9, 10, 54 As endothelial-derived relaxation decreases in old age 55 and diseases such as hypertension, 56 sleep apnea 57 and obesity 58 due to reduced nitric oxide signaling, SK Ca /IK Ca channel activity may be calibrated as needed to restore blood flow demands to respective organs. 12 Altogether, these data provide fundamentally new insight for precision medicine, whereby selective treatments may be developed for key vascular biomarkers and their function across organ systems in order to promote health and prevent vascular disease. 
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